Objective Anti-cyclic citrullinated peptide 2 antibodies (anti-CCP2) and rheumatoid factor (RF) in rheumatoid arthritis (RA) has been extensively assessed in industrialized countries. We investigated the diagnostic and prognostic impact of anti-CCP2 and RF isotypes in a Sudanese cross-sectional RA cohort. Methods Consecutive RA patients (n = 281) diagnosed according to the 1987 ACR criteria were included 2008-2010. Anti-CCP2 and RF isotypes (IgA, IgM, and IgG) were measured by enzyme immunoassay in 262 patients, with reference intervals aligned to the same diagnostic specificity as for anti-CCP2 (97.6%) using national controls. Results IgA RF was the predominant RA-associated autoantibody (56%), followed by IgM RF and anti-CCP2 (both 52%) and IgG RF (49%). In receiver operator characteristic analysis, IgA RF also showed the largest area under the curve. Patients with IgG RF were younger and had 8 years lower median age of disease onset compared to antibody negative patients (p < 0.0001). IgG RF was the only marker associated with a high number of involved joints (p = 0.028), and together with anti-CCP2 were the strongest markers for finger deformities (p = 0.016 and p = 0.012), respectively. No statistical differences were found for disease duration, ESR and Hb levels, and occurrence of erosions/osteopenia for any of the investigated autoantibodies. Conclusion Whereas IgA RF showed the best diagnostic performance, IgG RF associated with low age of RA onset, high number of involved joints, and finger deformities. These findings indicate that RA-associated antibodies other than conventional IgM RF and anti-CCP2 might be informative in non-Caucasian RA populations.
Introduction
The autoantibody rheumatoid factor (RF) was the first described rheumatoid arthritis (RA)-associated marker and included in the 1987 classification criteria of the American College of Rheumatology (ACR) [1] . After the discovery of anti-cyclic citrullinated protein/peptide antibodies (ACPA), both RF and ACPA were included as serological markers in the new European League Against Rheumatism (EULAR)/ACR classification criteria for RA [2] .
Comparison of the diagnostic and prognostic impact of ACPA and RF in RA has been performed more extensively in the industrialized countries than in Africa [3, 4] . In the industrialized countries, the diagnostic utility of the most commonly used ACPA test measuring antibodies against cyclic citrullinated peptide 2 (anti-CCP2) and RF were investigated in systemic reviews performed by Avouac et al. and Nishimura et al. These studies concluded that anti-CCP2 was a better marker for RA diagnosis [5, 6] as well as a better predictor of bone erosions [6] than RF in cohorts mainly encompassing Caucasian RA patients.
What is a positive autoantibody result is not clearly defined, and reference intervals have not been standardized in RA classification. Whereas the 1987 ACR classification criteria state that the reference range should be established so that < 5% of healthy controls are RF positive, thus without imposing any upper limit [1] , the 2010 EULAR/ACR criteria give no information about reference ranges, but refer to the Bupper limit of normal for the laboratory and assay,^thus leaving establishment of reference interval at the discretion of the individual laboratory [2] . Low levels of autoantibodies are found also in healthy control populations, and to perform proper comparison of performance, the different measures should be aligned to show the same diagnostic specificity in relation to control groups. It is also a common perception among clinical pathologists that levels of clinical laboratory measures differ between populations [7] [8] [9] , and therefore, autoantibody reference intervals should preferably be set in relation to geographically matched control groups.
We recently published a paper characterizing a Sudanese cross-sectional RA cohort and comparing disease activity, treatment, and occurrence of IgM RF among Sudanese and Swedish RA patients [10] . Nothing has been published to date concerning the diagnostic and prognostic properties of anti-CCP2 and RF isotypes in Sudanese RA patients. To address this issue, we undertook a hospital-based study in an RA cohort collected at two major rheumatology outpatient clinics in Khartoum, and compared anti-CCP2, IgA, IgM, and IgG RF concerning diagnostic performance and association to clinical variables among Sudanese RA patients, after aligning all reference ranges to the same diagnostic specificity compared to Sudanese controls.
Methods

Patients and control subjects
This cross-sectional hospital-based study was performed in two rheumatological outpatient units in Khartoum (Alribat University Hospital and Omdurman Military Hospital, Khartoum). Blood samples and patient's clinical records were collected between December 2008 and September 2010. Newly diagnosed RA patients were included consecutively; only about 2% of the patients attending the hospital did not want to participate [10] . All patients had been diagnosed by rheumatology specialists (MIEA, EME, MAMN) according to the 1987 ACR classification criteria [1] and were included at their first regular follow-up visit during the inclusion period. A total of 281 consecutive Sudanese RA patients were included; 89.3% (251/281) were females. As controls, 180 healthy blood donors (median age 35 years, 89% (161/180) males) from the blood banks of Alribat University Hospital and Soba Teaching Hospital were recruited as described [10] . The procedures followed were in accordance with the Declaration of Helsinki. Ethical approval was obtained from the Ethical Committee of Alribat University Hospital and Omdurman Military Hospital prior to the study, and informed consent was obtained from all patients and controls before sampling. Ethical clearance for performing autoantibody analyses in Uppsala was obtained from the regional ethical board in Uppsala.
The clinical data included age, sex, disease duration, and the number of tender joints according to the EULAR 28 joint count [11] . Data for erythrocyte sedimentation rate (ESR), blood hemoglobin (Hb) level, and X-rays of the hands including data of the occurrence of erosions and osteopenia was obtained from the patient records for 169, 176, and 60 of the patients, respectively. Information about hand and wrist deformities (Z deformity (ZD), swan neck deformity (SND), boutonniere deformity (BD), and ulnar deviation (UD)) was recorded for 252 RA patients at the time of study inclusion. Age at disease onset was calculated by subtracting disease duration from age at study inclusion. Only three of 255 patients who responded to the question about smoking had ever smoked. Details about the retrieval of data and characterization of the Sudanese RA patients have been published [10] .
Autoantibody measurements
IgA, IgG, and IgM RF isotypes and anti-CCP2 of the conventionally measured IgG isotype were investigated using an enzyme immune assay (Elia, Phadia Thermo Fisher, Uppsala, Sweden) according to the manufacturer's instructions. Anti-CCP2 was considered positive when the concentration was > 7 arbitrary units (AU)/ml, in accordance with the reference range utilized at Uppsala University Hospital, and representing the lower limit of the cutoff range suggested by the manufacturer. Using this reference interval, 4/168 Sudanese controls were anti-CCP2 positive, corresponding to a diagnostic specificity of 97.6%. We then applied the same specificity level for the RF isotypes in relation to the same control group, and in accordance with the definition in the ACR criteria (< 5% positive individual in a healthy reference group [1] ). One healthy 29-year-old male co-expressed IgM RF and IgA RF. Otherwise, autoantibodies occurred isolated among the controls; the other single positive controls followed the age distribution of that group. Measurement ranges for anti-CCP2 were 0.4-≥ 340 AU/ml, and for IgA, IgM, and IgG RF 0.4-≥ 214 international units (IU)/ml, 0.4-200 IU/ml, and up to 600 μg/ml, respectively. For statistical reasons, values above the reference range were noted as 400 AU/ml, 250 IU/ml, and 250 IU/ml for anti-CCP2, IgA, and IgM, respectively. All values for IgG RF were within the measurement range. Data on IgA, IgG, and IgM RF and anti-CCP2 were obtained for 248, 253, 250, and 262 patients, respectively. Full data on all four autoantibodies were available in 240 patients.
Statistics
As the distribution of RA-associated autoantibodies, especially ACPA, is non-normal, non-parametric tests were used. The Mann-Whitney was used to test for differences between groups, and the χ 2 test was used to test for differences between proportions. Two-way ANOVA was used to evaluate any interaction between anti-CCP2 and IgG RF as independent variables on age of RA onset as independent variable. The effects of four autoantibodies as independent variables were evaluated with age of RA onset and number of hand deformities as independent variables in multiple regression. Here occurrence of individual autoantibodies were used as nominal variables as the distribution of anti-CCP2 and IgM RF was bimodal with many patients with levels above the measurement range. P values < 0.05 were considered significant. Analyses were performed using the JMP software (SAS institute, Cary, NC, USA). Receiver operator characteristics (ROC) curves were constructed and area under the curve (AUC) was measured using the Analyze-it software (Leeds, UK).
Results
Diagnostic impact of RA-associated autoantibodies
Using the uniform diagnostic specificity alignment described above, we obtained the cutoffs > 9.1 IU/ml, > 3.9 IU/ml, and > 35 μg/ml for IgA, IgM, and IgG RF, respectively, and subsequently used in this study.
Anti-CCP2 levels were elevated in 52% (137/262) of the RA patients. IgA RF was positive in 56% (139/248), IgG RF in 49% (124/253), and IgM RF in 52% (131/250) of the investigated patients. The AUC were 0.81 for anti-CCP2, 0.85 for IgA, 0.81 for IgG, and 0.76 for IgM RF (Fig. 1a and Table 1 ). The AUC was significantly larger for IgA RF than for IgM RF (p = 0.001) and IgG RF (p = 0.042), but was not different than for anti-CCP2 (p = 0.11; Table 1 ).
Levels of all investigated autoantibodies correlated significantly with one another. The strongest correlation was between anti-CCP2 and IgA RF (Spearman's ρ = 0.64). IgG RF generally showed the lowest level of correlation to other autoantibodies. The degree of co-occurrence of all four autoantibodies are shown as a Venn diagram in Fig. 1b for the 240 patients with complete data.
Prognostic impact of RA-associated autoantibodies
The age at inclusion did not differ between patients with and without IgA RF and IgM RF but was significantly lower among anti-CCP2 and IgG RF positive as compared to patients without the corresponding autoantibody (median 48 vs. 50 years, p = 0.019 and median 47 vs. 51 years, p = 0.003; Fig. 2 and Table 2 ). Patients with anti-CCP2, IgA RF, IgG RF, and IgM RF were significantly younger at disease onset compared to antibody negative patients (p = 0.003, p = 0.014, < 0.0001, and p = 0.029, respectively); for IgG RF, the difference was 8 years (40 vs. 48 years; Fig. 3 and Table 2 ).
As onset age was strongly dependent both on anti-CCP2 and on IgG RF, we stratified patients according to anti-CCP2 and IgG RF, respectively. The median age of onset was statistically lower in IgG RF-positive patients when compared to IgG RF-negative patients both among anti-CCP2-positive and anti-CCP2-negative patients (p = 0.041 and p = 0.002, Table 3 ). On the contrary, no difference in age of onset was found between anti-CCP2-positive and -negative patients dichotomized according to IgG RF status (Table 3) . Two-way ANOVA analysis yielded similar results, as age at RA onset associated with IgG RF but not with anti-CCP2 (p = 0.0005 and p = 0.191, respectively), without any statistical interaction between the antibodies (data not shown). Multiple regression using occurrence of anti-CCP2, IgA RF, IgG RF, and IgM RF as independent variables again showed that only IgG RF was significantly associated with low age of onset (p = 0.0017, standardized β 0.23).
The proportion of female patients with anti-CCP2 or IgA RF was significantly higher than the proportion of females without anti-CCP2 or IgA RF, respectively. No corresponding difference was evident for IgG and IgM RF (Table 2) . ESR, Hb, WBC, occurrence of erosions/osteopenia, and number of affected joints were not different among patients with or without any autoantibody ( Table 2) .
Individual finger and hand deformities associated weakly with occurrence of different autoantibodies, but only IgG RF showed strong associations with the occurrence of SND (p = 0.0003) and BD (p = 0.009; Table 2 ). In multiple regression using occurrence of anti-CCP2, IgA RF, IgG RF, and IgM RF as independent variables, only IgG RF was significantly associated with total number of hand deformities (ZD, SND, BD, UD; p = 0.0470, standardized β − 0.15). 
Discussion
This is the first report that describes the diagnostic and prognostic properties for RA-associated autoantibodies in a Sudanese RA cohort. We found that IgA RF was the diagnostically most sensitive autoantibody followed by anti-CCP2 and IgM RF and then by IgG RF (49.8%), after that reference intervals had been adjusted to the same diagnostic specificity. The occurrence of anti-CCP2 was rather similar to what has been reported among Swedish RA patients (56%) [12] . A smaller study on 56 Cameroon RA patients by SingweNgandeu et al. showed a higher prevalence of IgA RF (84%) followed by IgM RF (77%), although this was not commented upon in that paper [4] . The frequency order for the different RF isotypes that we report differs from the IgM RF predominance that is commonly described in Caucasian RA patients. A study from Germany by Vallbracht et al. showed that IgM RF (66%) was the predominant type, closely followed by anti-CCP2 (64%), with lower frequencies of IgA RF (51%) and IgG RF (44%) [13] . Another study from Sweden reported the same frequency order for RF isotypes, where IgM RF was detected in 79% of the RA cases, followed by IgA (78%) and IgG RF (68%) [14] . Conversely, Asian RA studies report the lowest frequency for IgA RF. A study from India by Singh et al. showed a relative increase in impact for IgG RF, with 48% IgM RF-positive RA patients, followed by IgG RF (42%) and IgA RF (37%) [15] . A study on 147 Malaysian RA patients [16] reported the same pattern of distribution for RF isotypes as in India [15] , IgM RF (53.1%) being the most common autoantibodies in these three different ethnic groups, followed by IgG RF (48.3%) and then by IgA RF (21.1%). In a larger Malaysian study encompassing 171 RA patients in the primary cohort and 886 in the replication cohort, IgG RF sensitivity was comparable to anti-CCP2, but predominated over IgM RF among RA patients of all three ethnicities living in Malaysia: Chinese, Indian, and Malay ancestry [17] . Thus, there seems to a be a relative difference in RF isotype distribution between RA patients from three continents, with IgA RF predominating in Africa [ [4] and this study], IgM RF predominating in Europe [13, 14] and with a relative increase in IgG RF and decrease in IgA RF in Asia [15] [16] [17] .
This notion that RA populations from different parts of the world show divergent distribution of RF isotypes raises the question concerning whether this variation is primarily driven by genetic or environmental factors, and we argue for the latter possibility. A report on the predominance of IgM RF (70%) over IgA RF (65%) among African American RA patients [18] corresponds to the isotype distribution among North American native RA patients [19] but differs from black patient in Africa as shown by us. This indicates that the RF isotype pattern is primarily driven by environmental and not by genetic factors, as does the fact that the preponderance of IgG RF is evident in all three ethnically distinct populations in Malaysia [16, 17] . Two studies have reported a predominance of IgA anti-cardiolipin antibodies over the IgG and IgM isotypes in African patients with SLE [20, 21] . The tendency to produce IgA autoantibodies in Africa might therefore not be restricted to RF but include also other autoantibodies and might also be generalized to other humoral immune reactions.
For further comparisons of the diagnostic value of each assay we undertook ROC curve analyses and calculated the AUC. The AUC was highest for IgA RF and statistically different from IgG and IgM RF but not from anti-CCP2. These facts strengthen our perception that IgA RF is the diagnostically most sensitive laboratory marker for detecting RA patients in central Africa, irrespective of what reference ranges are applied. Collectively, our findings suggest that IgA RF may have advantages of other RA-associated autoantibodies as a diagnostic test for RA in central Africa.
A weakness in our study is the sex bias in our control group consisting of mainly male blood donors (very few women donate blood in Sudan) with lower men age compared to the patients. However, probably even more important is that although if IgA RF is superior to anti-CCP2 when the reference interval is set according to national healthy controls, what really matters in real life health care is how the antibodies perform compared to disease controls with the differential diagnoses seen in Sudan. The clinical breakthrough for anti-CCP2 came when this antibody proved to have superior specificity compared to RF compared to disease controls with rheumatic conditions other than RA and infections, respectively [22] . It is also possible that RF isotype patterns change over time, and that the isotype distribution in this crosssectional cohort with a median of 3 years of disease duration differs from newly diagnosed patients. To really prove our hypothesis that IgA RF is the superior diagnostic marker, an incident RA cohort should be investigated, and reference intervals established in relation to national relevant disease controls.
Of the investigated autoantibodies, IgG RF was most strongly associated with severe disease due to its association with younger age at diagnosis, conspicuously lower age of disease onset, and high number of involved joint deformities. Anti-CCP2 was also found to be associated with severe disease as commonly described among Caucasian RA patients [23, 24] . Previous studies have indicated associations between bone destruction and RF isotypes [25] [26] [27] , but we could not repeat these findings. The quality of our radiology data is Data are based on 249 Sudanese RA patients with full data on age of onset, IgG RF, and anti-CCP2 p values < 0.05 were considered significant however limited and based on qualitative evaluation of X-ray data performed by different radiologists at different time points in 21% of the patient cohort. Intriguingly, when we looked for a correlation between anti-CCP2 and the different RF isotypes in our Sudanese RA cohort, the weakest correlation was found between IgG RF and anti-CCP2. This indicates that the clinical associations between IgG RF and early RA onset/ extensive joint involvement found in our cohort are not a result of co-variation with anti-CCP2, but truly associated to IgG RF. When we stratified patients according to anti-CCP2 and IgG RF, we found that low age of RA onset associated with IgG RF, but not with anti-CCP2; this was also corroborated by two-way ANOVA. Our findings therefore suggest that the IgG RF is the strongest autoantibody marker for early RA onset among RA patients in Sudan. A previous Danish study reported that IgM RF as in this study was weakly associated with young age at RA onset (p = 0.03 and p = 0.029, respectively), but did not include any data on other RF isotypes [28] . Again, these findings re-emphasize the importance of discrete evaluation of individual RF isotypes in RA populations from different parts of the world.
Conclusions
IgA seems to be the diagnostically most sensitive autoantibody marker for RA in Sudan, although crucial comparisons with national disease controls in incident RA cohorts are currently lacking. IgG RF is the marker most strongly associated with young age of disease onset and with the occurrence of classical hand deformities. Thus, although IgM RF is mostly investigated for the classification and diagnosis of RA in Caucasian populations, other RF isotypes might be more informative in other ethnic groups.
